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Biplane left ventricular cineangiography (PA and LAT) was performed in eight of the study patients and single plane cineangiography (RAO) in three of the study patients (patients 3,4, and 11, Table I ). Biplane cineangiography was performed in the three control subjects with congestive heart failure and single plane cineangiography was performed in the three control subjects with no evidence of organic heart disease. Care was taken to insure that neither the patient nor the equipment was moved between sequential biplane angiograms and that the degree of obliquity was reproduced between sequential RAO angiograms. A movable marker synchronized with the QRS complex of the electrocardiogram was filmed with the cineangiogram and used to identify end diastole. A recording of the electrocardiogram, high fidelity left ventricular pressure, injection marker, and cineangiographic frame markers was made simultaneously with the cineangiogram, and enabled left ventricular pressures to be matched with left ventricular angiographic silhouettes throughout the cardiac cycle (Fig. 1) .
Experimental protocol. After placement of the catheters, base-line (control) measurements were made of Fick cardiac output, systemic arterial pressure, pulmonary artery wedge pressure, pulmonary artery pressure, right atrial presstire, high fidelity left ventricular pressure, and the first derivative of left ventricular pressure with respect to time (dPldt). Control left ventricular cineangiography and simultaneous high fidelity left ventricular pressure measurement were then performed. 5-10 min later, after intracardiac pressures had returned to base line, sodium nitroprusside (50 mg in 1,000 cm3 D5,w) was inftused to lower mean arterial pressure approximately 20-30 mm Hg, and this state was maintained for 20 min. Fick cardiac output, intracardiac pressure measurements, and left ventricular cineangiography were repeated at the end of this period, and then sodium nitroprusside was discontinued. In six control subjects, two left ventricular cineangiograms with high fidelity left ventricular pressture measurements were performed 15 min apart, without nitropruisside infusion to assess the effect of the cineangiogram itself on the diastolic pressure-volume relationship. The high fidelity left ventricular pressure was balanced with the pressure measured through the fluid-filled lumen of the Millar catheter' before and after each cineangiogram to ensure that there was no drift in the high fidelity pressure.
Analysis of data. For each patient, left ventricular angio- (Fig. 4) The importance of left ventricular relaxation has been disputed for some time (17) but there is evidence that an impairment in relaxation may be important in certain pathological conditions (18) (19) (20) . Patients with congestive heart failure from primary myocardial disease, for example, have a diminished rate of fall of the left ventricular pressure (peak negative dPldt) compared with control patients suggesting impaired left ventricular relaxation (18) . The rate of fall of left ventricular pressure is also reduced in patients with ischemic heart disease in response to pacing induced angina (19) , anid these patients may develop alterations in their ventricular diastolic pressure-volume relationships (20 Table I. myocardial ischemia by favorably influencing the balance between myocardial oxygen supply and demand (24, 25) . This does not seem to be a likely explanation in our patients, since our patients had no evidence of ischemic heart disease. Secondly, nitroprusside may influence left ventricular relaxation by causing reflex changes in the autonomic nervous system and stimulating catecholamine release. Parmley and Sonnenblick observed that isoproterenol enhanced myocardial relaxation in isolated muscle studies (26) and Morad and Rolett found that catecholamines reduced the contracture tension induced by KCI in mammalian heart muscle (27 FIGURE 4 Pressure-volume curves in six patients who uinderwent serial left ventrictular cineangiography 15 min apart but did not receive sodium nitroprutsside. The curves shown in A, B and C are from patients with chest pain syndromes and angiographically normal coronary arteries and normal hemodynamics and the curves shown in D, E, and F are from patients with congestive heart failure. In each subject there is no apparent difference between the first and second pressturevolume curves, indicating that the angiographic procedture itself was not responsible for the changes in the diastolic pressure-volume relationship seen with nitroprusside.
shift of the pressure-volume curves in our patients. This mechanism seems unlikely since there was no change in heart rate with nitroprusside suggesting there was little change in sympathetic nervous system activity.
Thirdly, nitroprusside might exert a direct relaxant effect on cardiac mnuscle similar to its known relaxant effect on vascular smooth muscle (24) . This has recently been studied in isolated muscle preparations (31) . When cat papillary muscles are made hypoxic and then reoxygenated, there is a marked prolongation of tension, both the time to peak tension and the time for tension to fall to one-half its peak value (32, 33) . This tension prolongation was substantially reduced in muscles pretreated with 10-5 M sodium nitroprusside.
However, nitroprusside had no effect on the dturation of tension in nonhypoxic muiscles and had no effect on resting tension. Wlhether these data obtained withl hypoxic muscle preparations relates to ouir lhuimlan studies is uncertain, but it does stuggest that nitroprusside may be capable of influencinig the myocardial relaxation process under hypoxic conditions.
As shown in Figs. 2 and 3 , patients with the higlhest diastolic presstures tended to show the largest shifts in the diastolic pressure-volume relationship, and two of the three patients with tlhe lowest diastolic presstures showed little or no shift with nitroprusside. This observation is consistent with the possibility that nitroprusside might improve left ventrictular relaxation and that this effect might be most pronouinced in those FIGURE 3 Pressure-volume curves in 10 patients before and during the administration of sodium nitroprusside. There is a substantial downward displacement of the pressure-volume curves with nitroprusside infusion in patients 2-9. Patient 10 showed only a small displacement and patient 11 did not show any downward shift of the pressure-volume curve during nitroprusside infusion. Hemodynamic and angiographic data for each patient are shown in Table I (35) and Gaasch et al. in human studies (36) found that the diastolic pressure-volume curve deviated from the exponential curve of best fit during periods of rapid filling in early diastole and at the time of atrial contraction and concluded that viscous forces were important during these periods. In our study, diastolic filling rates fell significantly during the first third of diastole, did not change during the middle third of diastole, and fell slightly, but not significantly, during the last third of diastole (Table I) . These changes in filling rates may contribute to the shifts in the diastolic pressure-volume cturves seen in our patients. It is unlikely that this is the only explanation because in most cases the diastolic pressure-volume curves with nitroprusside were displaced from the control curves not only in early diastole but also in middle and late diastole when there was little change in the filling rates. Also, diastolic filling rates increased slightly with nitroprusside in patient 4 (Table I) 
